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Sediment Transport in the Yankee Fork of the Salmon River 
near Stanley, Idaho, Water Years 2012–19

By Gregory M. Clark and Scott D. Ducar

Abstract
Placer and dredging operations in the Yankee Fork Basin, 

Idaho, have left more than 5 miles of the lower Yankee Fork 
of the Salmon River (Yankee Fork) in a highly altered fluvial 
condition, resulting in poor habitat quantity and quality for 
native fish species. Since 2011, the Bureau of Reclamation 
and other stakeholders have implemented a series of restora-
tion efforts to improve the connectivity of the river with its 
floodplain and to improve aquatic and terrestrial habitat in 
the Yankee Fork. In conjunction with these rehabilitation 
efforts, the U.S. Geological Survey monitored streamflow and 
suspended-sediment and bedload transport during water years 
2012–19 at four sites in the affected lower reach of the Yankee 
Fork. The objectives of the monitoring were to (1) identify 
source areas of sediment, (2) quantify sediment transport in 
the lower Yankee Fork, and (3) provide a benchmark to evalu-
ate the effects of rehabilitation efforts in the basin.

During the 8 years of sampling, the annual flow-weighted 
suspended-sediment concentrations (SSCs) were largest at 
the most downstream Clayton site, ranging from a low of 11 
milligrams per liter (mg/L) in 2015 to 145 mg/L in 2017. The 
Clayton site also had the largest flow-weighted concentra-
tions of suspended sand and suspended fines. At relatively low 
streamflow, the fine-grained fraction of the suspended sedi-
ment was the dominant component of the SSC at all sites, with 
an increase in the sand-size fraction as streamflow increased 
during snowmelt runoff. Each of the three main-stem Yankee 
Fork sites indicated a large amount of hysteresis in SSCs dur-
ing snowmelt runoff, with concentrations on the rising limb 
of the hydrograph larger than concentrations on the falling 
limb at similar streamflow. Hysteresis was particularly evident 
in the fine-grained fraction of suspended sediment, indicat-
ing that sediment transport in the lower Yankee Fork is more 
limited by the supply of fine-grained sediment as compared to 
coarser-grained sediment.

Bedload samples were collected starting in water year 
2016, with sampling limited to spring snowmelt runoff when 
streamflow was sufficiently large to transport coarse-grained 
bottom material. The mean median grain size (D50) at the 
Bonanza, West Fork, Confluence, and Clayton sites was 2.7, 
1.8, 6.0, and 12 millimeters, respectively. In contrast to SSCs, 
bedload discharge did not show an appreciable degree of 

hysteresis, typical of many transport-limited streams where a 
large supply of coarse-grained bottom material is available for 
transport. However, the bedload showed a general coarsening 
from sand to gravel-size material as streamflow increased in 
response to snowmelt runoff.

Suspended-sediment load (SSL) and bedload transport 
in the Yankee Fork was quantified using the modeling pro-
gram R-LOADEST to relate SSL and bedload discharge to 
variations in streamflow at each of the four sites. The models 
provided an excellent fit to the data, with coefficient of deter-
mination (R2) values greater than 80 percent at all sites and 
for all sediment constituents. Annual and multi-year loads, or 
mass flux, for suspended sediment, suspended-sediment size 
fractions, and bedload were estimated using the R-LOADEST 
models to determine which reaches in the Yankee Fork gener-
ate and transport alluvial sediment and various size fractions.

During water years 2012–19, based on the summation of 
the suspended sand and suspended fines load, the Yankee Fork 
transported about 117,000 tons of suspended sediment to the 
Salmon River, about 56 percent of the total being suspended 
sand. Almost 55 percent of the SSL discharged from the 
Yankee Fork to the Salmon River during water years 2012–19 
occurred during water year 2017. The watershed upstream 
from the Bonanza site, which accounts for 55 percent of the 
watershed area of the Yankee Fork, contributed 47 percent 
of the mean streamflow, 27 percent of the SSL, 36 percent 
of the suspended fines, and 20 percent of the suspended sand 
discharged to the Salmon River during water years 2012–19. 
The intervening drainage area between the Bonanza and 
Confluence sites, including the West Fork of the Yankee Fork, 
contributed 43 percent of the mean streamflow, 29 percent of 
the SSL, 31 percent of the suspended fines, and 28 percent of 
the suspended sand during water years 2012–19. The reach 
between the Confluence and Clayton sites, which accounts 
for only 13 percent of the watershed area and contributes only 
10 percent of the mean streamflow, accounted for 44 percent 
of the SSL, 33 percent of the suspended fines, and 52 percent 
of the suspended sand delivered to the Salmon River during 
water years 2012–19.

The addition of bedload sampling starting in water year 
2016 allowed for an estimate of the total sediment load (sus-
pended sediment and bedload) and the relative contribution 
of bedload to the transport of sediment in the Yankee Fork. 
During water years 2016–19, bedload accounted for 10 percent 
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of the total sediment load at the Bonanza and Confluence 
sites and 20 percent of the total sediment load at the Clayton 
site. The total bedload discharged to the Salmon River during 
water years 2016–19, as measured at the Clayton site, was 
about 22,700 tons, with 75 percent of the total generated in the 
reach of the Yankee Fork downstream from the Confluence 
site. During water years 2016–19, the Yankee Fork discharged 
about 114,000 tons of sediment (both suspended sediment 
and bedload) to the Salmon River. Of this total, 47 percent 
was suspended sand, 33 percent was suspended fines, and 20 
percent was bedload. Water year 2017 accounted for 75 per-
cent of the total sediment load and 81 percent of the bedload 
discharged to the Salmon River during water years 2016–19.

The addition of suspended-sediment and bedload sam-
pling at the West Fork site starting in water year 2018 allowed 
for quantification of sediment inputs from the West Fork to 
the main stem of the Yankee Fork between the Bonanza and 
Confluence sites. The West Fork accounted for 56 percent of 
the total sediment load, and all the bedload accrued between 
the Bonanza and Confluence sites during water years 2018–19. 
Of 3,890 tons of total sediment discharged from the West Fork 
during water years 2018–19, about 42 percent was suspended 
fines, 35 percent was suspended sand, and 23 percent was 
bedload. Although the West Fork accounted for 39 percent of 
the mean streamflow, it accounted for only 17 percent of the 
total sediment load discharged to the Salmon River from the 
Yankee Fork during water years 2018–19.

Introduction
The Yankee Fork of the Salmon River (Yankee Fork) is 

located in central Idaho and is one of the larger watersheds 
(about 190 square miles [mi2]) in the upper Salmon River sub-
basin (fig. 1). The Yankee Fork has been identified as critical 
habitat under the Endangered Species Act and is considered 
a high-priority habitat in National Oceanic and Atmospheric 
Administration National Marine Fisheries Service Federal 
Columbia River Power System 2008 Biological Opinion 
(National Oceanic and Atmospheric Administration, 2010). 
Fish species of interest in the Yankee Fork Basin include 
spring/summer Chinook salmon (Oncorhynchus tshawyts-
cha), steelhead (Oncorhynchus mykiss), bull trout (Salvelinus 
confluentus), and westslope cutthroat (Oncorhynchus clarkii 
lewisi).

Various mining activities have occurred in the Yankee 
Fork Basin since the late 19th century (Rhea and others, 
2013). Dredging operations during 1940–52 altered a sub-
stantial part of the Yankee Fork and left more than 5 miles 
of the lower reach of the Yankee Fork in a highly altered and 
unnatural state (Bureau of Reclamation, 2012a, 2013). As 
a result, much of the lower Yankee Fork is a fluvial system 
characterized by disconnected off-channel habitats, confined 

stream channels, disconnected historical floodplains, and lack 
of vegetation, resulting in poor habitat quantity and quality 
for native fish species (Richards and others, 1992; Bureau of 
Reclamation, 2012b, 2012c).

To improve aquatic and terrestrial habitat in the Yankee 
Fork, the Bureau of Reclamation (Reclamation) and other 
stakeholders collaborated on the dredge tailings restora-
tion and Yankee Fork rehabilitation projects (Gregory and 
Galloway, 2019). The objectives of these restoration efforts 
were to (1) reconnect the historical channel and floodplain; 
(2) re-establish connectivity with tributaries; and (3) enhance 
floodplain, tributary, and instream complexity. The monitoring 
and adaptive management aspects of the restoration projects 
would provide baseline data of pre-rehabilitation conditions 
(Kondolf, 1995; Kondolf and Micheli, 1995). These data 
would then be used to help with channel design by providing 
the thresholds for substrate mobility, and to adapt rehabilita-
tion actions to maximize efforts (Wood and Armitage, 1997).

In conjunction with these rehabilitation efforts, the 
U.S. Geological Survey (USGS) monitored streamflow and 
collected suspended and bedload-sediment samples during 
water years 2012–19 at four sites in the lower Yankee Fork 
as defined by Gregory and Galloway (2019): Yankee Fork 
Salmon River at Bonanza Bridge, Idaho (USGS streamgage 
13295850); West Fork of Yankee Fork near Bonanza 
Bridge, Idaho (USGS streamgage 13295875); Yankee Fork 
Salmon River below West Fork near Bonanza, Idaho (USGS 
streamgage 13295900); and Yankee Fork Salmon River near 
Clayton, Idaho (USGS streamgage 13296000) (hereinaf-
ter referred to as the Bonanza, West Fork, Confluence, and 
Clayton sites, respectively; fig. 1; table 1). The USGS moni-
toring approach and preliminary results were described by 
Johnsen (2018).

Purpose and Scope

This report documents findings based on streamflow and 
sediment data collected by the USGS, in cooperation with 
Reclamation, during water years 2012–19 at three sites on 
the lower Yankee Fork and one site on the West Fork of the 
Yankee Fork. Specifically, the report examines streamflow 
and suspended-sediment and bedload data to (1) improve the 
understanding of the river hydrodynamics on a spatial and 
temporal scale in controlling sediment transport in the lower 
Yankee Fork, (2) identify the dominant subbasins and reaches 
in the Yankee Fork and tributaries contributing to the sediment 
load in the lower Yankee Fork, (3) quantify sediment transport 
in the Yankee Fork from the Bonanza site downstream to the 
Clayton site and subsequent sediment delivery to the Salmon 
River, and (4) provide benchmark conditions to compare pre- 
and post-rehabilitation sediment transport regimes to evaluate 
the effects of rehabilitation efforts in the Yankee Fork Basin.
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Methods of Data Collection and 
Analysis

Over the period of water years 2012–19, the sampling 
network on the Yankee Fork was expanded based on the 
study findings and increases in funding. Starting in water 
year 2012, streamflow data and suspended-sediment samples 
were collected at the Bonanza, Confluence, and Clayton sites 
(main-stem sites). Bedload sampling was added to the three 
main-stem sites starting in water year 2016, and the West Fork 
site was added in water year 2018. Data collection included 
measurement of streamflow and collection of suspended-
sediment and bedload samples (table 1). This section of the 
report documents the methods used for collecting and analyz-
ing the data. Further descriptions of the USGS methods used 
during this study are available in Johnsen (2018).

Streamflow

Streamflow measurements at all sites in this study were 
obtained using standard USGS methods (Turnipseed and 
Sauer, 2010). At the Clayton site, the most downstream site on 
the Yankee Fork (fig. 1), continuous streamflow was measured 
using an established streamgage with a continuous record of 
water stage calibrated to periodic onsite measurements. For 
the other three sites in this study without continuous record 
(Bonanza, West Fork, and Confluence), streamflow was 
measured on the day that sediment samples were collected and 
subsequently indexed to the continuous streamflow record at 
the gaged Clayton site. The correlation (coefficient of determi-
nation [R2] = 97–99 percent) between the measured stream-
flow at the indexed sites and the gaged Clayton site was used 
to generate a synthetic daily mean streamflow record for the 
Bonanza, West Fork, and Confluence sites over the time period 
during which sediment data were collected. Ducar and Fosness 
(2021) described in depth the method used to develop the 
synthetic streamflow records for the Bonanza, West Fork, and 
Confluence sites using the continuous record from the gaged 
site at Clayton.

Suspended Sediment and Bedload

Streams transport sediment by carrying the finer particles 
in suspension (suspended sediment) with turbulent eddies and 
by rolling or skipping coarser particles along the streambed 
(bedload). The total suspended-sediment concentration (SSC) 
consists of fine-grained particles (<62.5 micrometers [μm]) 
and sand-sized particles (>62.5 μm). Suspended sediments 
generally move downstream at about the same velocity as 
the water, and the discharge of suspended sediment usually 

is dependent on the available supply of fine-grained (fines) 
and sand-sized (sand) sediment. When the supply of fines and 
sand in the floodplain and stream channel is less than what the 
stream can transport, it is a supply-limited transport regime 
(Wilcock and others, 2009). Sediment that moves on or near 
the stream bottom by sliding, rolling, or bouncing is bedload 
(Edwards and Glysson, 1999). In contrast to finer-grained 
suspended sediment, the supply of coarse-grained (sand-size 
and larger) sediments in gravel-bed streams often is greater 
than the stream can transport. In a typical fluvial system, 
coarse-grained sediments remain at rest on the streambed, 
with bedload transport occurring only when the streamflow 
reaches a velocity sufficient to transport the coarse-grained 
bed sediment (Emmett and Wolman, 2001). When stream 
velocity is the limiting factor in the transport of bed sediment, 
it is a transport-limited regime. The total sediment load in a 
stream is the sum of the suspended-sediment load (SSL) plus 
the bedload. Because the particle-size distribution of both the 
suspended load and bedload is a function of streamflow, much 
variation can be expected in the concentration and grain-size 
characteristics of sediments both spatially at different locations 
in a stream and temporally with seasonal and annual changes 
in the magnitude of streamflow (Wilcock and others, 2009).

Suspended Sediment
In supply-limited and unregulated, snowmelt-driven 

streams, SSCs on the rising limb of the snowmelt runoff 
hydrograph typically are higher than those measured at equiv-
alent streamflow on the falling limb. This difference in sedi-
ment concentrations over the hydrograph is termed hysteresis 
and is caused by the flush of sediments stored over the winter 
or seasonally in the floodplain and stream channel. As a result 
of hysteresis, sediment concentrations typically are largest 
prior to the hydrograph peak, and then decrease following the 
peak once the stored sediment supply has been depleted. To 
account for hysteresis, sediment samples were collected 5–8 
times per year with sampling targeted to capture a wide range 
of streamflow conditions on the rising limb, the peak, and 
the falling limb of the snowmelt runoff hydrograph (fig. 2). 
However, because the Yankee Fork is unregulated upstream 
from the sampling sites, streamflow can be highly variable. 
During numerous years, snowmelt runoff occurred in a series 
of events that made identification and sampling of the rising 
and falling limbs and the annual hydrograph peak difficult.

During this study, 45 suspended-sediment samples were 
collected at the Clayton site, 38 samples each were collected 
at the Bonanza and Confluence sites, and 14 samples were 
collected at the West Fork site (table 1). All sediment samples 
were collected using standard USGS methods, procedures, and 
equipment as documented by Edwards and Glysson (1999) 
and U.S Geological Survey (variously dated).
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Figure 2. Streamflows at which suspended-sediment and bedload samples were collected at four U.S. Geological Survey 
(USGS) streamgage sites in the Yankee Fork Basin, Idaho, water years 2012–19.
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Suspended-sediment samples were collected using an iso-
kinetic D-96 collapsible-bag sampler suspended from a bridge 
using equal-width and depth-integrating techniques. Use of 
the D-96 allows for isokinetic sampling over a wide range of 
stream depths and velocities (Davis, 2005; Gray and others, 
2008). For collection of suspended-sediment samples, the total 
stream width was divided into 10 equal-width increments, and 
individual depth-integrated samples were collected at the cen-
troid of each increment. Individual samples from each centroid 
were composited in 3-liter bottles until the entire cross section 
of the stream was sampled. Following collection, samples 
were sent to the USGS Cascade Volcano Observatory (CVO) 
sediment laboratory in Vancouver, Washington, where they 
were composited into a single sample and analyzed for SSC 
and particle-size fractions less than 62.5 μm (fines). A detailed 
description of the techniques used for the USGS laboratory 
analysis of suspended sediment is provided by Guy (1969).

For this study, SSL and the fine-grained and sand-sized 
fraction loads of suspended sediment were simulated using 
R-LOADEST (Runkel and others, 2004; R Core Team, 2020). 
The R-LOADEST package (available at https://github.com/ 
USGS- R/ rloadest) is an implementation of the LOAD ESTi-
mator (LOADEST) program for estimating constituent loads 
in streams and rivers (Runkel and others, 2004). R-LOADEST 
is based on a rating-curve method (Cohn and others, 1989, 
1992; Crawford, 1991) that uses regression to estimate 
constituent load in relation to several predictor variables 
related to streamflow and time. The model has been used to 
estimate sediment transport and sediment loads in the Snake 
and Clearwater River Basins of Idaho and Washington, the 
basin flux of water-quality constituents in the Mississippi 
River Basin, trace-metal transport in the Spokane River 
Basin, and long-term trends in the water quality of rivers 
and streams from across the Nation (Smith and others, 1987; 
Goolsby and others, 1999; Clark and others, 2013; Clark and 
Mebane, 2014).

For the Bonanza, Confluence, and Clayton sites, SSL and 
size-fraction loads were estimated for water years 2012–19; 
for the West Fork site, loads were estimated for water years 
2018 and 2019. For consistency, and because the fit of the 
R-LOADEST models at all four sites for SSL and size frac-
tions were excellent using only the streamflow parameters 
(table 2), the time-related variables in R-LOADEST were not 
incorporated in the models. Thus, the R-LOADEST models for 
the SSL and separate size fractions reduced to the following:

 lnSSL = I +a(lnQ)+b(lnQ2) + ε, (1)
where
 SSL is the suspended-sediment load, in 

tons per day;
 I is the regression intercept;
 Q is the centered streamflow, in cubic feet 

per second;
 a and b are regression coefficients that remain 

constant over time; and
 ε is unaccounted error associated with the 

regression model.

Site-specific estimates of the daily SSL and size fractions 
were computed using the selected model (table 2) and daily 
mean streamflow at each site. Bias introduced by conversion 
of the logarithm of load into estimates of actual load were cor-
rected using the Bradu-Mundlak method (Bradu and Mundlak, 
1970). An annual mean flow-weighted concentration (FWC) 
for the total suspended sediment and size fractions was esti-
mated as the annual load divided by the total annual stream-
flow volume. The FWC can be used to normalize the data so 
that SSCs at different sites are comparable when samples are 
collected at different frequencies and during different hydro-
logic conditions.

Bedload
The coarse-grained bottom sediment in most gravel-bed 

streams generally is immobile during most of the year. In the 
Yankee Fork, streamflows sufficient to move coarse-grained 
sediment (bedload) generally occur only during snowmelt 
runoff, primarily in May and June. When bedload transport 
does occur, it often is intermittent, spatially variable within 
the stream, and temporally variable during steady streamflow 
conditions (Emmett and Wolman, 2001; Wilcock and oth-
ers, 2009).

During this study, 17 bedload samples each were col-
lected at the Bonanza, Confluence, and Clayton sites, and 10 
samples were collected at the West Fork site (table 1). All 
bedload samples were collected concurrently with suspended-
sediment samples and when streamflow was sufficiently 
high to initiate bedload transport (fig. 2). Bedload samples 
were collected with an Elwha-style sampler with a 4-in by 
8-in nozzle and using an equal-width-increment sampling 
method as described by Hubbell (1964) and Edwards and 
Glysson (1999). This method involves dividing and sampling 
the stream channel in evenly spaced sections to accurately 
represent bedload transport across the entire channel. When 
possible, samples were collected at 20 equally spaced inter-
vals with duration of 60 seconds on the stream bottom per 
interval. At some of the sites and at some streamflows, fewer 
than 20 sections were sampled because of extremely fast and 
turbulent stream conditions. For analysis, all sectional samples 
were composited into one sample representing the entire cross 
section. At each site, a duplicate cross-sectional sample was 
collected during each sampling event and analyzed sepa-
rately at the USGS CVO sediment laboratory in Vancouver, 
Washington. Duplicates were compared for quality assurance 
and repeatability, but for analysis purposes, the duplicate 
samples are reported as an average. The bedload samples were 
analyzed for total mass and full particle size increments from 
0.0625 to 128 millimeters (mm). The grain size and statistics 
software GRADISTAT was used to classify the particle-size 
distribution, textural group, and sorting (Blott and Pye, 2001).

https://github.com/USGS-R/rloadest
https://github.com/USGS-R/rloadest
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Table 2. Regression coefficients and coefficients of determination for models used to estimate concentrations and loads of suspended 
sediment, suspended-sediment size fractions, and bedload at four sites in the Yankee Fork Basin, Idaho, water years 2012–19.

[Regression form for suspended sediment is ln(L)=I+aln(Q)+bln(Q2), where L is the sediment load in tons per day; I is the regression intercept; 
ln(Q)=ln(streamflow) - center of ln(streamflow), in cubic feet per second; and a and b are regression coefficients. Regression form for bedload is ln(L)=I+aln(Q), 
where L is the bedload discharge in tons per day; I is the regression intercept; ln(Q)=ln(streamflow) – center of ln(streamflow), in cubic feet per second; and a is 
a regression coefficient or transport rate, Abbreviations: R2, coefficient of determination; USGS, U.S. Geological Survey; —, not applicable]

USGS site 
No.

Site name I a b
Center of 

ln(Q)
R2 

(percent)

Suspended sediment

13295850 Bonanza 1.04 1.96 0.264 5.19 91
13295875 West Fork 1.18 2.37 0.581 5.43 97
13295900 Confluence 1.83 2.14 0.295 5.86 95
13296000 Clayton 1.98 1.97 0.471 5.92 90

Suspended sand

13295850 Bonanza –0.334 2.16 0.336 5.19 92
13295875 West Fork 0.061 2.86 0.437 5.43 95
13295900 Confluence 0.480 2.47 0.348 5.86 96
13296000 Clayton 0.702 2.19 0.607 5.92 90

Suspended fines

13295850 Bonanza 0.696 1.88 0.242 5.19 90
13295875 West Fork 0.791 2.17 0.500 5.43 96
13295900 Confluence 1.49 1.99 0.244 5.86 92
13296000 Clayton 1.58 1.85 0.394 5.92 88

Bedload

13295850 Bonanza –0.433 3.32 — 5.86 93
13295875 West Fork –1.30 3.55 — 5.39 83
13295900 Confluence 0.708 3.14 — 6.43 95
13296000 Clayton 0.916 4.17 — 6.54 93

Because of substantial variability in the spatial and tem-
poral pattern of bedload, transport curves relating bedload to 
streamflow generally have a greater degree of uncertainty than 
do transport curves for suspended sediment. To estimate the 
bedload transport on the day of sampling, the following equa-
tion (Edwards and Glysson, 1999), was used:

 Qb = (k x W x M) / T, (2)

where
 Qb is bedload discharge, in tons per day;
 k is a conversion factor specific to the sampler 

orifice (0.141 for the Elwha sampler);
 W is the total stream width, in feet;
 M is the total mass of the bedload sample, in 

grams; and
 T is the total time the sampler was on the bed, 

in seconds.

To estimate daily, monthly, and annual bedload, 
R-LOADEST was used to find the best fit log-log regression 
between streamflow and bedload discharge using the daily 
mean streamflow at each site. As with the SSL estimates, bias 
introduced by conversion of the logarithm of bedload into 
estimates of actual bedload was corrected using the Bradu-
Mundlak method (Bradu and Mundlak, 1970). Thus, the 
R-LOADEST models for bedload discharge reduced to the 
following:

 lnL = I +a(lnQ) + ε, (3)

where
 L is the bedload discharge, in tons per day;
 I is the regression intercept;
 Q is the centered streamflow, in cubic feet 

per second;
 a is the regression coefficient, or transport rate, 

that remains constant over time; and
 ε is unaccounted error associated with the 

regression model.



Sediment Characteristics and Loads  9

Daily bedload discharges were summed to determine 
an annual bedload discharge. Although the fit of the log-log 
regressions for bedload discharge at all sites was good (R2 
= 83–95 percent, table 2), because of the small number of 
samples collected, the bedload discharge estimates at all four 
sites should be viewed with discretion.

Sediment Characteristics and Loads
Because sediment transport varies in response to runoff 

conditions, historical information on streamflow in the Yankee 
Fork is valuable for assessing the representativeness of the 
data collected during this study and subsequently used to 
estimate sediment loads in the Yankee Fork. The magnitude 
and timing of streamflow in the Yankee Fork primarily is 
determined by the amount of water produced from the winter 
snowpack and the timing of the snowmelt runoff. As such, 
streamflows in the Yankee Fork and its tributaries typically 
rise rapidly in the spring as the snowpack melts and reach the 
peak in May or June (fig. 3). Generally, when precipitation 
and snowpack are below average, such as during water year 
2015, streamflow runoff is reduced, and transport of sediment 
in streams is below average. However, even during below-
average years, rapid warming of the snowpack may result in 

substantial runoff events and high rates of sediment transport. 
In contrast, when precipitation, snowpack, and runoff are 
above normal, such as during water year 2017, sediment trans-
port is generally larger than average. Streamflow in the Yankee 
Fork typically declines gradually over the summer following 
the peak, with base streamflow conditions occurring in fall and 
through the winter.

During water years 2012–19, streamflow in the Yankee 
Fork, as represented by streamflow at the gaged Clayton site, 
was variable in relation to 33 years of historical streamflow 
record (water years 1922–48 and 2012–20) (fig. 3; U.S. 
Geological Survey, 2021). During water years 2012, 2017, 
and 2018, streamflow at the Clayton site exceeded the long-
term mean during most of the year, particularly during spring 
runoff. In the Yankee Fork, as well as in most of the Salmon 
River Basin and much of Idaho, water year 2017 was one of 
the largest water years recorded during the last 100 years of 
streamflow record. During water years 2013 and 2015, stream-
flow in the Yankee Fork was less than the historical mean for 
most of the year and exceeded the historical mean only during 
brief periods early in the spring.
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Figure 3. Streamflow at the Clayton site of the Yankee Fork of the Salmon River, Idaho, during water years 2012–19, compared to the 
historical mean streamflow.
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Suspended-Sediment Concentrations

Concentrations of suspended sediment in the Yankee 
Fork were variable, spanning 3–4 orders of magnitude during 
water years 2012–19 (table 3). The maximum measured SSCs 
and individual size fractions at the Bonanza, Confluence, and 
Clayton sites occurred in May and June 2017, coinciding with 
the hydrograph peak for 2017. At each of the three main-stem 
sites, the SSCs collected during the peak streamflow of 2017 

were more than double the SSCs of any other samples col-
lected during 2012–19. The largest mean and median SSCs, 
size fraction concentrations, and bedload discharge were mea-
sured at the Clayton site (table 3); the smallest concentrations 
and bedload discharge were measured at the West Fork site. 
However, because the West Fork site was not sampled during 
water year 2017, the dataset for the West Fork is not necessar-
ily comparable to the dataset for the main-stem sites.

Table 3. Summary statistics for streamflow, suspended-sediment concentrations, and bedload at four sites in the Yankee Fork Basin, 
Idaho, water years 2012–19.

[Abbreviations: D50, median grain size; USGS, U.S. Geological Survey; ft3/s, cubic feet per second; mg/L, milligrams per liter; mm, millimeter]

Constituent
Number of 
samples

Minimum Mean Median Maximum

USGS streamgage 13295850—Bonanza site

Streamflow, instantaneous (ft3/s) 38 21.2 413 327 1,570
Suspended-sediment concentrations (mg/L) 38 1.0 26 11 210
Suspended sands (mg/L) 38 0.30 9.0 3.0 69
Suspended fines (mg/L) 38 0.70 16 6.0 140
Bedload transport (tons per day) 17 0.0106 22.3 2.44 314
Bedload D50 particle size (mm) 17 0.41 2.7 0.74 18

USGS streamgage 13295875—West Fork site

Streamflow, instantaneous (ft3/s) 14 74.5 321 286 610
Suspended-sediment concentrations (mg/L) 14 2.0 14 8.0 49
Suspended sands (mg/L) 14 0.20 6.0 3.0 25
Suspended fines (mg/L) 14 1.2 8.0 5.0 24
Bedload transport (tons per day) 10 0.00400 5.74 1.04 24.5
Bedload D50 particle size (mm) 10 0.50 1.8 0.84 6.4

USGS streamgage 13295900—Confluence site

Streamflow, instantaneous (ft3/s) 38 54.0 749 630 2,600
Suspended-sediment concentrations (mg/L) 38 2.0 30 15 220
Suspended sands (mg/L) 38 0.1 12 5.0 88
Suspended fines (mg/L) 38 1.3 18 9.0 130
Bedload transport (tons per day) 17 0.0644 21.1 4.30 143
Bedload D50 particle size (mm) 17 0.60 6.0 2.5 22

USGS streamgage 13296000—Clayton site

Streamflow, instantaneous (ft3/s) 45 56.3 775 622 3,000
Suspended-sediment concentrations (mg/L) 45 2.0 44 18 650
Suspended sands (mg/L) 45 0.30 22 6.0 370
Suspended fines (mg/L) 45 1.2 22 11 280
Bedload transport (tons per day) 17 0.0170 83.4 9.86 792
Bedload D50 particle size (mm) 17 0.47 12 1.7 68
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The large amount of scatter in the transport curves for 
SSCs and individual size fractions (fig. 4) is attributable partly 
to hysteresis in the concentrations during snowmelt runoff. 
When streamflow increases, especially early in the spring, 
materials stored within the stream channel or in riparian 
and terrestrial zones become mobile as they are subjected to 
increased stream velocities. The magnitude of hysteresis can 
be affected by antecedent conditions as well as the magni-
tude of the streamflow event or events generating hysteresis. 
Because of hysteresis, transport curves such as those shown in 
figure 4 are variable and often are marginal predictors of SSCs 
(R2 = 53–87 percent). In some years, multiple cycles of hys-
teresis might occur as streamflow rises and falls in response to 
varying patterns of snowmelt runoff. In the plots of figure 4, 
points above the transport curve typically represent samples 
collected on the rising limb and near the peak of the snowmelt 
hydrograph; points below the transport curve typically repre-
sent samples collected on the falling limb.

The slopes of the transport curves in figure 4 indicate 
that, at all sites, the concentrations of the fine-grained fraction 
of SSC are larger than the concentration of sand-size frac-
tion at low streamflows. As streamflow increases, the sand-
size concentration at all sites increases more rapidly (steeper 
slope) than the concentration of fines until they become 
equivalent. Based on the transport curves shown in figure 4, 
at the Bonanza, Confluence, and Clayton sites, the sand and 
fine-grain fractions of the SSC become equivalent some-
where between streamflows of 2,000 and 3,000 ft3/s; at higher 
streamflows, the sand-sized fraction becomes the dominant 
component of the SSC. Based on the transport curves at the 
West Fork site, suspended sand becomes the dominant compo-
nent of the SSC at a streamflow between 500 and 600 ft3/s.

Because use of typical transport curves such as those in 
figure 4 can substantially underestimate sediment concentra-
tions, particularly at peak streamflow, use of these curves to 
determine annual and seasonal SSLs would result in a large 
underestimate of the actual SSLs. Inclusion of the quadratic Q2 
term in the R-LOADEST models (eq. 1) provided a much bet-
ter fit (higher R2 values) at all four sites (fig. 5) and substan-
tially improved the ability of the models to estimate seasonal 
and annual SSLs.

The effect of hysteresis on SSCs is evident in samples 
collected during water year 2014 at the Bonanza, Confluence, 
and Clayton sites (fig. 6). Streamflow in the Yankee Fork 
peaked on May 25, 2014, before declining rapidly in late 
May and into June. Samples collected on the rising limb of 
the hydrograph and prior to May 25 had larger SSCs per unit 
streamflow than samples collected on the falling limb follow-
ing the peak. The amount of hysteresis in the SSCs seems to 
be strongly influenced by the particle-size distribution as well. 
Fine-grained suspended sediments showed a more pronounced 
hysteresis than the sand-size fraction at all three of the sites 
(fig. 6). The pronounced “flush” of suspended sediment in 
the early part of snowmelt runoff seems to represent primar-
ily fine-grained material stored in the floodplain and stream 
channel throughout most of the year. Once the supply of 
fine-grained sediment has been depleted, and as streamflow 
increases, sand-sized material in the channel and along the 
banks is suspended and transported, increasing the sand load 

proportionately. This pattern is typical in gravel-bed streams 
where the supply of sand is usually less limiting than the sup-
ply of fines (Wilcock and others, 2009).

Although some degree of hysteresis in the SSCs was 
evident during most of the water years from 2012 to 2019, 
hysteresis was not always as apparent as during water year 
2014. Multiple peaks in the snowmelt runoff hydrograph 
during many of the years made it difficult to sample on both 
the rising and falling limbs, as well as at the peak. As a result, 
sample coverage over the snowmelt hydrograph during many 
years was inadequate to consistently identify and track SSC 
hysteresis in the Yankee Fork.

During the 8 years of sampling during 2012–19, the 
annual FWC of suspended sediment (table 4) was largest for 
the Clayton site, ranging from 11 milligrams per liter (mg/L) 
in water year 2015 to 140 mg/L in water year 2017. The 
Clayton site also had the largest FWCs of suspended sand and 
suspended fines, and the largest percentage of suspended sand 
during all years. Of the three main-stem sites, the Bonanza 
site had the smallest FWC of suspended sediment during most 
years, ranging from 7.4 mg/L in water year 2015 to 74 mg/L 
in water year 2017.The largest percentage of suspended fines 
generally occurred at the Bonanza site. At the three main-stem 
sites, the largest FWCs of suspended sediments, suspended 
sand, and suspended fines, and the largest percentage as sand 
occurred during water year 2017. Based on only 2 years of 
data, the FWC and size fraction concentrations at the West 
Fork site were smaller than those at the three main-stem sites. 
The FWC of suspended fines was larger than the FWC of 
suspended sand during all years at the Bonanza and West Fork 
sites. The same was true at the Confluence site except during 
water year 2017 when the FWC of suspended sand was larger 
than the FWC of suspended fines (table 4).

Based on the R-LOADEST results (table 5), during most 
years the load of suspended fines was larger than the load of 
suspended sand at the Bonanza and Confluence sites (fig. 7). 
At the Clayton site, the load of suspended sand exceeded 
the load of suspended fines during multiple years. During 
2012–19, the SSLs at the Bonanza, Confluence, and Clayton 
sites were 30,500, 63,200, and 110,000 tons, respectively 
(table 5; fig. 8). More than 90 percent of the SSL during each 
year occurred during the months of May and June. Of the total 
SSL during water years 2012–19 at the Bonanza, Confluence, 
and Clayton sites, about 58, 52, and 44 percent, respectively, 
were suspended fines. Of the total SSL load in the Yankee 
Fork during water years 2012–19, water year 2017 accounted 
for more than 50 percent of the SSL at each of the main-stem 
sites (table 5). At the Clayton site, the annual SSL ranged 
from about 1,710 tons in 2015 to about 60,400 tons in 2017 
(table 5). The suspended fines and suspended sand loads at 
Clayton ranged from about 1,100 and 542 tons, respectively, in 
2015, to about 25,400 and 42,100 tons, respectively, in 2017. 
During all years, and for all size fractions, the largest esti-
mated SSLs were at the Clayton site. Assuming the SSL at the 
Clayton site represents the SSL discharged from the Yankee 
Fork to the Salmon River, about 110,000 tons of suspended 
sediment were delivered to the Salmon River from the Yankee 
Fork during water years 2012–19.
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Figure 4. Suspended-sediment concentration transport curves representing best-fit regressions relating streamflow to 
concentrations of suspended sediment and size fractions at four sites in the Yankee Fork Basin, Idaho, water years 2012–19. R2, 
coefficient of determination.
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coefficient of determination.
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Table 4. Annual flow-weighted concentrations of suspended sediment, suspended sand, and 
suspended fines, and mean percent fines at four sites in the Yankee Fork Basin, Idaho, water years 
2012–19.

[Abbreviations: FWC, flow-weighted concentration; USGS, U.S. Geological Survey; mg/L, milligrams per liter]

Period 
(water year)

Suspended- 
sediment FWC 

(mg/L)

Suspended- 
sand FWC 

(mg/L)

Suspended- 
fines FWC 

(mg/L)

Percent fines 
(mean)

USGS streamgage 13295850—Bonanza site

   2012 30 12 19 61
   2013 12 3.8 7.8 67
   2014 24 8.7 15 63
   2015 7.4 2.0 5.2 72
   2016 16 5.3 11 67
   2017 74 37 42 53
   2018 31 12 19 61
   2019 18 6.1 12 66

USGS streamgage 13295875—West Fork site

   2018 21 9.8 11 53
   2019 10 4.3 6.1 59

USGS streamgage 13295900—Confluence site

   2012 33 15 19 56
   2013 12 4.2 7.8 65
   2014 25 11 15 58
   2015 7.3 2.0 5.3 73
   2016 17 6.2 11 64
   2017 86 49 42 46
   2018 33 15 19 56
   2019 19 7.2 12 62

USGS streamgage 13296000—Clayton site

   2012 49 26 24 49
   2013 17 6.7 10 60
   2014 36 17 19 52
   2015 11 3.3 6.8 67
   2016 24 9.5 14 59
   2017 140 100 61 38
   2018 49 25 24 49
   2019 26 11 15 57
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Figure 7. Water year loads of suspended sediment, suspended sand, suspended fines, and bedload at four sites in the Yankee 
Fork Basin, Idaho, water years 2012–19.
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Figure 8. Annual loads of suspended sediment, suspended sand, suspended fines, and bedload between sites in the Yankee Fork 
Basin, Idaho, water years 2012–19.
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Bedload

Bedload data were not collected until water year 2016 
at the Bonanza, Confluence, and Clayton sites, and not until 
water year 2018 at the West Fork site. As with suspended 
sediment, bedload transport was highly variable, ranging 
from zero during most of the year at all the sites, to almost 
800 tons per day at the Clayton site during peak streamflow 
in 2017 (table 3). Samples from all sites had a strong correla-
tion (R2 = 84–95 percent) between streamflow and bedload 
discharge (fig. 9). Differences in the relative transport rate, 
or the slope of the transport curves shown in figure 9, are 
indicative of differences in channel characteristics and (or) 
sediment supply between sites (Wilcock and others, 2009). 
The relative transport rate, expressed as the coefficient a in 
equation 3, ranged from 3.14 at the Confluence site to 4.17 at 
the Clayton site (table 2), within the range reported by King 
and others (2004)—1.49–5.75 (average 2.71)—in 33 coarse-
bed streams in Idaho. The larger the value of the exponent, 
the larger the proportion of the sediment load associated with 
higher streamflow. The larger transport rate at the Clayton site 
is probably related to a steeper, narrower stream channel and 
consequent higher stream velocities in the lower, undredged 
reach of the Yankee Fork between the Confluence and Clayton 
sites. Although the transport rate at the West Fork site (3.70) 
was intermediary to the other three sites, bedload at the West 
Fork site was not measured during 2017, making the relative 
comparison to the other sites difficult.

Particle-size distributions provide insight on bed-material 
response to changes in streamflow and stream energy. The 
main-stem sites on the Yankee Fork had varying distributions, 
with the Clayton and Confluence sites having a higher mean 
percentage of larger particles in the bedload than the Bonanza 
site (fig. 10). The particle size distribution at the West Fork 
site was similar to that at the Bonanza site, although the West 
Fork site was not sampled during 2017. The mean D50 values 
at the Bonanza, West Fork, Confluence, and Clayton sites were 
2.7, 1.8, 6.0, and 12 mm, respectively (table 3). The size distri-
bution of the bedload ranged from poorly to moderately sorted 
sand and sandy gravel at lower streamflow, to poorly sorted 
gravel in the three main-stem sites during peak streamflow in 
2017 (table 6). Compared to the SSCs, bedload discharge did 
not show an appreciable degree of hysteresis during the years 
it was measured. This is typical of many transport-limited 
streams where a large supply of coarse-grained bed material is 
available for transport (King and others, 2004). However, the 
bedload at the main-stem sites showed a substantial coarsen-
ing with increased streamflow and possible hysteresis in the 
particle-size distribution over the rising and falling limbs 
of the hydrograph during 2017 (fig. 11). Bedload samples 
collected prior to and at the hydrograph peak of 2017 were 
predominantly sandy gravel and gravel at all three main-stem 
sites, whereas samples collected on the falling limb were 
gravelly sand at the Bonanza and Confluence sites, and sandy 
gravel at the Clayton site (table 6).
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Figure 9. Bedload transport curves representing best-fit regressions relating streamflow to bedload discharge at four sites in the 
Yankee Fork Basin, Idaho, water years 2012–19. R2, coefficient of determination.
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Figure 10. Cumulative-frequency distribution of the mean and range of particle sizes in bedload samples collected 
at four sites in the Yankee Fork Basin, Idaho, water years 2016–19. n, number of samples.
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Table 6. Bedload discharge, median grain size, textural group, and sorting of bedload samples collected at four sites in the Yankee 
Fork Basin, Idaho, water years 2016–19.

[Textural group and sorting are based on descriptions in Blott and Pye (2001). Abbreviations: D50, median grain size; mm-dd-yyyy, month, day, year; USGS, 
U.S. Geological Survey; mm, millimeter]

Sample date 
(mm-dd-yyyy)

Bedload 
discharge 

(tons per day)

D50 
(mm)

Textural group Sorting

USGS streamgage 13295850—Bonanza site

05-19-2016 3.73 0.91 Gravelly sand Bimodal, poorly sorted
05-25-2016 0.377 1.1 Gravelly sand Bimodal, poorly sorted
06-09-2016 0.487 0.66 Gravelly sand Unimodal, poorly sorted
05-15-2017 9.00 14 Gravel Bimodal, very poorly sorted
05-31-2017 314 18 Gravel Unimodal, very poorly sorted
06-27-2017 2.44 0.54 Gravelly sand Unimodal, poorly sorted
07-06-2017 0.396 0.41 Slightly gravelly sand Unimodal, moderately sorted
07-26-2017 0.0290 0.46 Gravelly sand Unimodal, moderately sorted
05-21-2018 11.1 0.74 Gravelly sand Bimodal, poorly sorted
05-30-2018 9.36 2.0 Sandy gravel Bimodal, very poorly sorted
06-06-2018 4.18 0.78 Gravelly sand Unimodal, poorly sorted
06-13-2018 0.199 0.49 Gravelly sand Unimodal, poorly sorted
07-11-2018 0.0106 0.50 Gravelly sand Unimodal, poorly sorted
05-08-2019 0.464 0.57 Gravelly sand Unimodal, poorly sorted
05-15-2019 12.3 1.9 Sandy gravel Bimodal, very poorly sorted
06-05-2019 11.4 2.1 Sandy gravel Bimodal, very poorly sorted
06-19-2019 0.143 0.72 Gravelly sand Bimodal, poorly sorted

USGS streamgage 13295875—West Fork site

07-26-2017 0.0149 0.50 Gravelly sand Unimodal, poorly sorted
05-21-2018 24.5 6.4 Sandy gravel Bimodal, very poorly sorted
05-30-2018 10.3 3.4 Sandy gravel Bimodal, poorly sorted
06-06-2018 0.585 0.90 Gravelly sand Bimodal, poorly sorted
06-13-2018 1.50 2.3 Sandy gravel Unimodal, poorly sorted
07-11-2018 0.004 0.71 Sand Unimodal, moderately sorted
05-09-2019 0.533 0.52 Gravelly sand Unimodal, moderately sorted
05-16-2019 6.41 0.79 Gravelly sand Unimodal, poorly sorted
06-06-2019 13.5 1.8 Sandy gravel Bimodal, very poorly sorted
06-20-2019 0.0388 0.74 Gravelly sand Unimodal, poorly sorted

USGS streamgage 13295900—Confluence site

05-19-2016 14.3 14 Sandy gravel Bimodal, very poorly sorted
05-25-2016 0.490 0.91 Gravelly sand Unimodal, poorly sorted
06-09-2016 2.26 2.5 Sandy gravel Bimodal, very poorly sorted
05-15-2017 32.4 22 Sandy gravel Bimodal, very poorly sorted
05-31-2017 143 22 Gravel Bimodal, poorly sorted
06-27-2017 5.69 0.98 Gravelly sand Bimodal, poorly sorted
07-06-2017 1.41 0.97 Gravelly sand Unimodal, poorly sorted
07-26-2017 0.0644 0.60 Slightly gravelly sand Unimodal, moderately sorted
05-21-2018 25.9 4.7 Sandy gravel Bimodal, very poorly sorted
05-30-2018 43.5 18 Sandy gravel Trimodal, very poorly sorted
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Table 6. Bedload discharge, median grain size, textural group, and sorting of bedload samples collected at four sites in the Yankee 
Fork Basin, Idaho, water years 2016–19.—Continued

[Textural group and sorting are based on descriptions in Blott and Pye (2001). Abbreviations: D50, median grain size; mm-dd-yyyy, month, day, year; USGS, 
U.S. Geological Survey; mm, millimeter]

Sample date 
(mm-dd-yyyy)

Bedload 
discharge 

(tons per day)

D50 
(mm)

Textural group Sorting

USGS streamgage 13295900—Confluence site—Continued

06-06-2018 3.34 1.2 Gravelly sand Unimodal, poorly sorted
06-13-2018 0.368 0.92 Gravelly sand Bimodal, poorly sorted
07-11-2018 0.0726 1.2 Sandy gravel Bimodal, poorly sorted
05-08-2019 4.30 0.89 Gravelly sand Unimodal, poorly sorted
05-15-2019 39.6 4.5 Sandy gravel Trimodal, very poorly sorted
06-05-2019 39.7 3.0 Sandy gravel Bimodal, very poorly sorted
06-19-2019 1.95 3.1 Sandy gravel Bimodal, very poorly sorted

USGS streamgage 13296000—Clayton site

05-20-2016 11.1 35 Sandy gravel Bimodal, very poorly sorted
05-26-2016 1.18 1.6 Sandy gravel Bimodal, very poorly sorted
06-09-2016 4.30 2.9 Sandy gravel Bimodal, poorly sorted
05-16-2017 303 19 Gravel Unimodal, poorly sorted
06-01-2017 792 16 Gravel Unimodal, poorly sorted
06-27-2017 21.8 4.5 Sandy gravel Bimodal, very poorly sorted
07-06-2017 0.753 1.4 Sandy gravel Unimodal, poorly sorted
07-27-2017 0.028 0.47 Slightly gravelly sand Unimodal, moderately sorted
05-22-2018 166 24 Sandy gravel Bimodal, very poorly sorted
05-31-2018 23.3 1.7 Sandy gravel Unimodal, poorly sorted
06-07-2018 11.3 21 Sandy gravel Bimodal, very poorly sorted
06-14-2018 0.482 0.96 Gravelly sand Bimodal, poorly sorted
07-11-2018 0.0170 1.1 Sandy gravel Bimodal, poorly sorted
05-08-2019 3.88 1.5 Sandy gravel Unimodal, poorly sorted
05-15-2019 9.86 1.1 Gravelly sand Unimodal, poorly sorted
06-05-2019 67.8 68 Sandy gravel Bimodal, very poorly sorted
06-19-2019 0.343 0.66 Gravelly sand Unimodal, moderately sorted
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Figure 11. Particle size distribution of bedload samples collected at the Bonanza, Confluence, and Clayton sites 
in the Yankee Fork Basin, Idaho, during 2017. ft3/s, cubic feet per second.

Annual bedload discharge was computed using the best-
fit R-LOADEST regression model for each site (table 2). The 
annual bedload discharge during 2016–19 in the Yankee Fork 
at the Bonanza site ranged from about 112 tons in water year 
2016 to about 1,990 tons in water year 2017 (table 7). At the 
Confluence site, annual bedload discharge ranged from about 
329 tons during water year 2016 to about 4,040 tons during 
water year 2017. As with suspended sediment, the West Fork 
of the Yankee Fork probably accounts for most, if not all, of 
the bedload accrued between the Bonanza and Confluence 
sites. During the two water years in which it was sampled 
(2018–19), the West Fork generated about 894 tons of bed-
load, about 10 percent more than the total accrued between 
the Bonanza and Confluence sites during the same time period 
(table 7). At the Clayton site, the bedload ranged from about 
661 tons in water year 2016 to about 18,300 tons in water year 
2017. As a percentage of the total sediment load (suspended 
and bedload), bedload was about 10, 10, and 20 percent of the 
total sediment load at the Bonanza, Confluence, and Clayton 
sites, respectively, during water years 2016–19 (tables 7–8).

The percentage of bedload as a fraction of the total sedi-
ment load in the Yankee Fork seems to be comparable to other 
gravel-bed streams of similar size in Idaho. King and others 
(2004) estimated that, at bankfull streamflow and greater, 
bedload accounted for more than 10 percent of the total sedi-
ment load in 25 of 31 coarse-bed streams in Idaho. However, 
in larger watersheds, Clark and others (2013) estimated that 
bedload was only 0.6–7.9 percent of the total annual sedi-
ment load at 10 sites in the lower Snake and Clearwater River 
Basins. The relatively large fractional amount of bedload 
reported in this study and by King and others (2004) likely 
results from a combination of relatively high stream gradi-
ent; large quantities of streambed sand and gravel; and high 
streamflow velocity associated with unregulated, snowmelt-
driven streams. The presence of large supplies of transportable 
sand and gravel in the dredged reaches of the Yankee Fork also 
likely contributed to the relatively large amount of bedload 
being transported in the Yankee Fork.
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Table 7. Estimated annual mean streamflow, bedload, and 95-percent confidence intervals at four 
sites in the Yankee Fork Basin, Idaho, water years 2016–19.

[Locations of sites are shown in figure 1. Abbreviations: C.I., confidence interval; tons, short tons; USGS, U.S. 
Geological Survey; ft3/s, cubic feet per second]

Period 
(water year)

Estimated 
annual mean 
streamflow 

(ft3/s)

Bedload (tons)

Estimated 
load

Lower 95- 
percent C.I.

Upper 95- 
percent C.I.

USGS streamgage 13295850—Bonanza site

2016 102 112 67 177
2017 211 1,990 919 3,780
2018 129 385 209 654
2019 102 136 79.4 217
2016–19 136 2,620 1,270 4,830
2018–19 116 521 288 871

USGS streamgage 13295875 —West Fork site

2018 105 658 68.9 2,640
2019 84.1 236 33.4 844
2018–19 94. 894 102 3,480

USGS streamgage 13295900—Confluence site

2016 196 329 232 454
2017 385 4,040 2,360 6,480
2018 244 938 614 1,370
2019 197 381 265 532
2016–19 256 5,690 3,470 8,840
2018–19 221 1,320 879 1,900

USGS streamgage 13296000—Clayton site

2016 219 661 332 1,180
2017 423 18,300 6,640 40,800
2018 271 2,840 1,260 5,550
2019 220 841 413 1,530
2016–19 283 22,700 8,650 49,100
2018–19 246 3,680 1,670 7,080
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Suspended-Sediment and Bedload 
Transport in the Yankee Fork

With increases in funding, the sediment-sampling 
network in the Yankee Fork expanded during water years 
2012–19. The addition of bedload sampling in water year 2016 
and the inclusion of the West Fork site in water year 2018 
created spatial and temporal variability in the dataset for each 
site and between sites. This variability made it challenging to 
evaluate the total sediment transport in the lower Yankee Fork 
on a consistent basis over the entirety of the study. To maintain 
spatial and temporal consistency among sites, three discrete 
time periods were evaluated separately to assess and quantify 
sediment transport in the Yankee Fork. The first time period 
covers water years 2012–19 at the three main-stem sites and 
only includes suspended sediment. The second time period 
covers water years 2016–19 and includes suspended sediment 
and bedload at the three main-stem sites. The third time period 
adds the West Fork site and includes suspended sediment and 
bedload collected during water years 2018–19 at all four sites. 
Tables 5 and 7 provide site-specific mean streamflow and load 
estimates and 95-percent confidence intervals for suspended 
sediment and size fractions and bedload for each water year 
when data were available. Table 5 provides a summation of 
suspended-sediment load during water years for each of the 
three time periods evaluated and table 8 provides a sum-
mation of the total sediment load for water years 2016–19 
and 2018–19.

Because the loads for total suspended sediment, sus-
pended sand, and suspended fines at each site were estimated 
using separate transport equations (table 2), the annual SSL 
estimates in table 5 are not necessarily equivalent to the sum 
of the annual suspended-sand and suspended-fines loads. For 
the analysis in this section, the SSL at each site was esti-
mated as the sum of the suspended-sand and suspended-fines 
loads and, therefore, may be slightly different than the SSLs 
in table 5. Similarly, the total sediment load in table 8 was 
estimated as the sum of the suspended sand and fines plus bed-
load. Using this approach, discrete reaches of the Yankee Fork 
could be evaluated to determine sediment entrainment and 
transport, and deposition of various sediment-size fractions on 
a consistent basis.

Table 8. Estimated annual mean streamflow and total sediment 
loads and yields at four sites in the Yankee Fork Basin, Idaho, 
water years 2016–19.

[Locations of sites are shown in figure 1. Total sediment yields are based 
on drainage areas in table 1. Total sediment load: Total sediment load = 
Suspended sand load + Suspended fines load + Bedload. Abbreviations: tons, 
short tons; USGS, U.S. Geological Survey; ft3/s, cubic feet per second; tons/
mi2, tons per square mile]

Period 
(water year)

Estimated 
annual mean 
streamflow 

(ft3/s)

Total 
sediment load 

(tons)

Total 
sediment yield  

(tons/mi2)

USGS streamgage 13295850—Bonanza site

  2016 102 1,720 16
  2017 211 18,400 174
  2018 129 4,300 41
  2019 102 1,920 18
  2016–19 136 26,300 248
  2018–19 116 6,220 59

USGS streamgage 13295875—West Fork site

  2018 105 2,810 49
  2019 84.1 1,090 19
  2018–19 94.5 3,900 68

USGS streamgage 13295900—Confluence site

  2016 196 3,650 22
  2017 385 38,400 240
  2018 244 9,060 56
  2019 197 4,090 25
  2016–19 256 55,200 340
  2018–19 221 13,200 81

USGS streamgage 13296000—Clayton site

  2016 219 5,610 30
  2017 423 85,800 450
  2018 271 16,100 85
  2019 220 6,440 34
  2016–19 283 114,000 600
  2018–19 246 22,500 120
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Suspended-Sediment Transport, Water Years 
2012–19

Water years 2012–19 encompassed a wide range of 
streamflows in the Yankee Fork on a seasonal and annual 
basis. As such, suspended-sediment samples collected during 
the 8 years of the study represent a wide range of hydrologic 
conditions (fig. 2). Using the annual and total estimates of 
the size-fraction loads from table 5 allows for reach-specific 
quantification of the suspended-sediment loads and delineation 
of the size-fraction loads in the Yankee Fork.

During water years 2012–19, the mean streamflow at the 
Bonanza site was 115 ft3/s, or 47 percent of the mean stream-
flow of 244 ft3/s measured at the Clayton site (fig. 12). The 
total SSL at the Bonanza site (as estimated from the sum of the 
size fractions) during water years 2012–19 was 31,300 tons, 
of which 58 percent was fine-grained sediment and 42 percent 
was sand. Water year 2017 accounted for 23 percent of the 
total mean streamflow at the Bonanza site during water years 
2012–19. Similarly, water year 2017 accounted for 52 percent 
of the SSL, 58 percent of the suspended sand, and 48 percent 
of the suspended fines at the Bonanza site during water years 
2012–19. Of the three main-stem sites, the Bonanza site had 
the largest proportion of fine-grained suspended sediment (58 
percent). Hysteresis at the Bonanza site (fig. 6) indicates that 
a disproportionately large part of the sediment load is trans-
ported during the rising limb of the snowmelt runoff hydro-
graph, and that the stream channel upstream from the Bonanza 
site is limited by the available supply of fine and sand-size 
sediment. Although the subbasin area upstream from the 
Bonanza site constituted 55 percent of the total basin area and 
contributed 47 percent of the mean streamflow in the Yankee 
Fork, the relative contribution or yield (table 5) of suspended 
sediment from this part of the basin was smaller than the 
yields at the Confluence and Clayton sites. Although dredg-
ing occurred in the Yankee Fork near the Bonanza site (fig. 1), 
a large part of the upstream watershed is forested, and large 
reaches of the Yankee Fork and its tributaries upstream from 
the Bonanza site are relatively undisturbed.

At the Confluence site, mean streamflow during water 
years 2012–19 was 219 ft3/s, about 90 percent of the mean 
streamflow at the Clayton site. Most of the increase in stream-
flow between the Bonanza and Confluence sites (104 ft3/s) 
was likely from the West Fork, which drains 35 percent of the 
Yankee Fork Basin upstream from the Confluence. During 
water years 2012–19, the SSL at the Confluence site totaled 
65,400 tons, slightly more than twice the SSL at the Bonanza 
site (fig. 12). Sand accounted for 48 percent and fines 52 per-
cent of the SSL at the Confluence site. The increase in the SSL 
between the Bonanza and Confluence sites during 2012–19 
was 34,100 tons—18,100 tons of sand and 16,000 tons of 
fines. Although water year 2017 accounted for 22 percent of 

the total mean streamflow at the Confluence site during water 
years 2012–19, it accounted for 53 percent of the SSL, and 
nearly 60 percent of the suspended sand and 46 percent of the 
suspended fines. Although most of the additional SSL accrued 
between the Bonanza and Confluence sites is likely discharged 
from the West Fork, historical dredging in the Yankee Fork 
between the Bonanza and Confluence sites has provided a 
reservoir of coarse-grained sediments available for transport. 
Although hysteresis is evident in the SSCs at the Confluence 
site (fig. 6), the affect seems more pronounced for the fine-
grained fraction, suggesting a stream reach more limited by 
the supply of fine-grained sediment as compared to sand-sized 
sediment.

Based on the summation of the suspended-sand and 
suspended-fines loads at the Clayton site, the Yankee Fork 
delivered 117,000 tons of suspended sediment to the Salmon 
River during water years 2012–19 (fig. 12). Of this total, 
56 percent was sand and 44 percent was fines. Although the 
increase in mean streamflow between the Confluence site 
downstream to the Clayton site was only 25 ft3/s (or about 
10 percent of the mean streamflow at the Clayton site during 
water years 2012–19), this lower 5-mile reach of the Yankee 
Fork generated 34,300 tons of suspended sand, and 17,100 
tons of suspended fines during water years 2012–19 (fig. 12). 
The large increase in the sand load downstream from the 
Confluence site indicates that the stream channel and flood-
plain of the Yankee Fork, along with high-gradient tributary 
streams, supply a large amount of the coarse-grained sedi-
ment discharged to the Salmon River. The minimal amount of 
hysteresis in the sand concentrations at the Clayton site (fig. 6) 
indicates that the reach is not limited by the supply of sand, 
but rather the ability of the Yankee Fork to suspend and trans-
port the sand-sized material in the stream channel.

Using mass balance and the suspended size-fraction 
loads in table 5, we determined the source in the Yankee 
Fork Basin of most of the suspended sediment discharged 
to the Salmon River during water years 2012–19 (fig. 12). 
The results indicate that the watershed upstream from the 
Bonanza site contributed 47 percent of the mean streamflow, 
27 percent of the SSL, 36 percent of the suspended fines, and 
20 percent of the suspended sand delivered to the Salmon 
River during water years 2012–19. The reach between the 
Bonanza and Confluence sites, inclusive of the West Fork, 
contributed 43 percent of the mean streamflow, 29 percent of 
the SSL, 31 percent of the suspended fines, and 28 percent 
of the suspended sand delivered to the Salmon River during 
water years 2012–19. The reach of the Yankee Fork from the 
Confluence site downstream to the Clayton site contributed 
only 10 percent of the mean streamflow, but 44 percent of the 
SSL, 33 percent of the suspended fines, and 52 percent of the 
suspended sand delivered to the Salmon River during water 
years 2012–19.
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Figure 12. Suspended-sediment loads and reach contributions of suspended sediment and size-fractions at three sites in the Yankee 
Fork Basin, Idaho, water years 2012–19. Total suspended-sediment loads shown in the pie diagrams are estimated using the sum of 
the suspended-sediment size fraction loads from table 5 and, therefore, may be slightly different from the total suspended-sediment 
loads listed in table 5.
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Total Sediment Transport, Water Years 2016–19

Because water years 2012–19 are inclusive of water 
years 2016–19, the annual loads and contributions of sus-
pended sediment to the Yankee Fork estimated during water 
years 2016–19 were similar to the estimates during 2012–19 
(fig. 13). This similarity is especially true given that water year 
2017, which accounted for more than one-half of the SSL dur-
ing both time periods, was part of both datasets. For SSL, and 
both size fractions, the total load during water years 2016–19 
accounted for 70–80 percent of the total load during water 
years 2012–19 (table 5).

During water years 2016–19, 48 percent of the mean 
streamflow, 35 percent of the suspended fines, and 19 per-
cent of the suspended sand discharged to the Salmon River 
were derived from the basin upstream from the Bonanza site 
(fig. 13). About 42 percent of the mean streamflow, 30 percent 
of the suspended fines, and 27 percent of the suspended sand 
were generated between the Bonanza and the Confluence sites. 
Only 10 percent of the mean streamflow, but 35 percent of the 
suspended fines and 54 percent of the suspended sand, were 
generated from the Confluence site downstream to the Clayton 
site. The source-area contributions in different reaches of the 
main stem of the Yankee Fork as a percentage of the stream-
flow and suspended-sediment load delivered to the Salmon 
River during 2016–19, were nearly identical to those for water 
years 2012–19.

The addition of bedload sampling at the three main-stem 
sites starting in water year 2016 allowed for an estimate of the 
total sediment load (suspended sediment and bedload) and the 
relative contribution of bedload to the transport of sediment 
in the Yankee Fork. The total bedload at the Bonanza site dur-
ing water years 2016–19 was 2,620 tons, or 10 percent of the 
total sediment load of 26,300 tons at the Bonanza site (fig. 13; 
tables 7–8). At the Confluence site, bedload was 5,690 tons, 
and similar to the Bonanza site, constituted about 10 percent 
of the total sediment load at the Confluence site during water 
years 2016–19. Most of the bedload accrued between the 
Bonanza and Confluence sites likely originated from the West 
Fork. From the Confluence site downstream to the Clayton 
site, bedload increased almost fourfold to 22,700 tons during 
water years 2016–19. Of this total, water year 2017 accounted 
for 18,300 tons of bedload, about 81 percent of the total at 
the Clayton site during water years 2016–19. As measured at 
the Clayton site, 114,000 tons of sediment were discharged to 

the Salmon River from the Yankee Fork during water years 
2016–19; 75 percent of this total was discharged during water 
year 2017. Of the 114,000 tons of sediment discharged to the 
Salmon River, 47 percent was suspended sand, 33 percent was 
suspended fines, and 20 percent was bedload (fig. 13).

About 2,600 tons, or 12 percent of the bedload discharged 
to the Salmon River during water years 2016–19, was contrib-
uted from the basin upstream from the Bonanza site (fig. 13). 
Another 3,100 tons of bedload, or 13 percent of the total, was 
generated between the Bonanza and Confluence sites. By far 
the largest contributor of bedload to the Salmon River dur-
ing water years 2016–19 was the reach downstream from the 
Confluence site. Although this reach accounted for only 10 
percent of the mean streamflow, it accounted for 17,000 tons, 
or 75 percent of the 22,700 tons of bedload discharged to the 
Salmon River during water years 2016–19 (fig. 13). The total 
sediment yield for the Bonanza, Confluence, and Clayton sites 
was 248, 340, and 600 tons/mi2, respectively, during water 
years 2016–19 (table 8).

Total Sediment Transport, Water Years 2018–19

In the previous two time periods evaluated, the assump-
tion was that most of the incremental gain in streamflow and 
sediment load between the Bonanza and Confluence sites was 
derived from the West Fork, which accounts for 97 percent 
of the intervening basin area. The addition of suspended-
sediment and bedload sampling at the West Fork site, starting 
in water year 2018, allowed us to verify if this assumption was 
correct. A large part of the West Fork watershed burned during 
the summer of 2012, which likely resulted in an increased 
delivery of sediment from its basin. However, because sedi-
ment data were not collected at the West Fork site prior to 
water year 2018, direct impacts from the 2012 fires on the 
sediment delivery from the West Fork watershed could not be 
evaluated. Additionally, because the West Fork site was not 
sampled during water year 2017, the sediment transport curves 
developed for that site do not include the high streamflow 
events from 2017, which were included in the transport curves 
for the three main-stem sites. Although water years 2018 
and 2019 were about average or slightly above average with 
respect to the historical streamflow in the Yankee Fork (fig. 3), 
data collected during a high streamflow year similar to 2017 
would be helpful to improve and extend the sediment transport 
curves shown in figures 4–5 for the West Fork site.
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Figure 13. Total sediment loads, and reach contributions of total sediment, suspended-sediment size fractions, and bedload at three 
sites in the Yankee Fork Basin, Idaho, water years 2016–19. Total sediment loads shown in the pie diagrams are estimated using the sum 
of the suspended-sediment size fraction loads from table 5 and bedload from table 7.
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Without a year similar in magnitude to water year 2017, 
the nature of the sediment transported and the total sediment 
budget for water years 2018–19 looked substantially different 
compared to water years 2016–19 (fig. 14). At the three main-
stem sites, the total sediment load tended towards finer-grained 
material compared to water years 2016–19 (fig. 14). At the 
Bonanza site, 57 percent of the total sediment transported dur-
ing water years 2018–19 was suspended fines, an increase of 
6 percent in the suspended-fines load compared to water years 
2016–19. Suspended sand accounted for 35 percent of the total 
sediment load at the Bonanza site during water years 2018–19, 
and bedload accounted for 8 percent, both less than the relative 
contributions during water years 2016–19. At the Confluence 
site, suspended fines accounted for 52 percent of the total sedi-
ment load, 7 percent more than during water years 2016–19, 
and suspended sand accounted for 38 percent, or 7 percent 
less than during water years 2016–19. Bedload accounted for 
10 percent of the sediment load at the Confluence site dur-
ing 2018–19, the same percentage as during 2016–19. At the 
Clayton site, the percentage of suspended fines was 43 percent 
of the total load during 2018–19, 10 percent higher than dur-
ing 2016–19. Suspended sand accounted for 41 percent and 
bedload 16 percent of the total sediment load at the Clayton 
site during water years 2018–19, decreases of 6 and 4 percent, 
respectively, compared to water years 2016–19.

The data collected at the West Fork site during water 
years 2018–19 indicate that the West Fork Basin contributed 
a large part, but not all, of the increase in streamflow and 
sediment load between the Bonanza and Confluence sites. 
The West Fork accounted for nearly all the bedload, but only 
about one-half of the suspended-sediment load accrued in the 
reach between the Bonanza and Confluence sites (fig. 14). 
Of the 3,890 tons of sediment delivered from the West Fork 
during water years 2018–19, about 42 percent was suspended 
fines, 35 percent was suspended sand, and 23 percent was 
bedload. As measured at the Clayton site, the total sediment 
load delivered to the Salmon River from the Yankee Fork 
during 2018–19 was about 22,500 tons. Of this total, the West 
Fork contributed 39 percent of the streamflow, 17 percent of 
the total sediment load, 17 percent of the suspended fines, 15 
percent of the suspended sand, and 23 percent of the bedload 
(fig. 14). Like the results from the other two time periods, 
during water years 2018–19, the watershed upstream from the 
Bonanza site was the largest contributor of suspended fines 
(about 37 percent), with the reach of the Yankee Fork between 
the Confluence and Clayton sites being the largest source of 
suspended sand (45 percent) and bedload (61 percent). The 
total sediment yield for the Bonanza, West Fork, Confluence, 
and Clayton sites was 59, 68, 81, and 120 tons/mi2, respec-
tively, during water years 2018–19 (table 8).
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Figure 14. Total sediment loads, and reach contributions of total sediment, suspended-sediment size fractions, and bedload at three 
sites in the Yankee Fork Basin, Idaho, water years 2016–19. Total sediment loads shown in the pie diagrams are estimated using the sum 
of the suspended-sediment size fraction loads from table 5 and bedload from table 7.
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Summary
Placer and dredging operations in the Yankee Fork Basin, 

Idaho, have left more than 5 miles of the lower Yankee Fork 
of the Salmon River (Yankee Fork) in a highly altered fluvial 
condition, resulting in poor habitat quantity and quality for 
native fish species. Since 2011, the Bureau of Reclamation 
and other stakeholders have implemented a series of restora-
tion efforts to improve the connectivity of the river with its 
floodplain and to improve aquatic and terrestrial habitat in 
the Yankee Fork. In conjunction with these rehabilitation 
efforts, the U.S. Geological Survey monitored streamflow and 
suspended-sediment and bedload transport during water years 
2012–19 at four sites in the affected lower reach of the Yankee 
Fork. The objectives of the monitoring were to (1) identify 
source areas of sediment, (2) quantify sediment transport in 
the lower Yankee Fork, and (3) provide a benchmark to evalu-
ate the effects of rehabilitation efforts in the basin.

During the 8 years of sampling, the annual flow-weighted 
suspended-sediment concentrations (SSCs) were largest at 
the most downstream Clayton site, ranging from a low of 11 
milligrams per liter (mg/L) in 2015 to 145 mg/L in 2017. The 
Clayton site also had the largest flow-weighted concentra-
tions of suspended sand and suspended fines. At relatively low 
streamflow, the fine-grained fraction of the suspended sedi-
ment was the dominant component of the SSC at all sites, with 
an increase in the sand-size fraction as streamflow increased 
during snowmelt runoff. Each of the three main-stem Yankee 
Fork sites indicated a large amount of hysteresis in SSCs dur-
ing snowmelt runoff, with concentrations on the rising limb 
of the hydrograph larger than concentrations on the falling 
limb at similar streamflow. Hysteresis was particularly evident 
in the fine-grained fraction of suspended sediment, indicat-
ing that sediment transport in the lower Yankee Fork is more 
limited by the supply of fine-grained sediment as compared to 
coarser-grained sediment.

Bedload samples were collected starting in water year 
2016, with sampling limited to spring snowmelt runoff when 
streamflow was sufficiently large to transport coarse-grained 
bottom material. The mean median grain size (D50) at the 
Bonanza, West Fork, Confluence, and Clayton sites was 2.7, 
1.8, 6.0, and 12 millimeters, respectively. In contrast to SSCs, 
bedload discharge did not show an appreciable degree of 
hysteresis, typical of many transport-limited streams where a 
large supply of coarse-grained bottom material is available for 
transport. However, the bedload showed a general coarsening 
from sand to gravel-size material as streamflow increased in 
response to snowmelt runoff.

Suspended-sediment load (SSL) and bedload transport 
in the Yankee Fork was quantified using the modeling pro-
gram R-LOADEST to relate SSL and bedload discharge to 

variations in streamflow at each of the four sites. The models 
provided an excellent fit to the data, with coefficient of deter-
mination (R2) values greater than 80 percent at all sites and 
for all sediment constituents. Annual and multi-year loads, or 
mass flux, for suspended sediment, suspended-sediment size 
fractions, and bedload were estimated using the R-LOADEST 
models to determine which reaches in the Yankee Fork gener-
ate and transport alluvial sediment and various size fractions.

During water years 2012–19, based on the summation of 
the suspended sand and suspended fines load, the Yankee Fork 
transported about 117,000 tons of suspended sediment to the 
Salmon River, about 56 percent of the total being suspended 
sand. Almost 55 percent of the SSL discharged from the 
Yankee Fork to the Salmon River during water years 2012-19 
occurred during water year 2017. The watershed upstream 
from the Bonanza site, which accounts for 55 percent of the 
watershed area of the Yankee Fork, contributed 47 percent 
of the mean streamflow, 27 percent of the SSL, 36 percent 
of the suspended fines, and 20 percent of the suspended sand 
discharged to the Salmon River during water years 2012–19. 
The intervening drainage area between the Bonanza and 
Confluence sites, including the West Fork of the Yankee Fork, 
contributed 43 percent of the mean streamflow, 29 percent of 
the SSL, 31 percent of the suspended fines, and 28 percent of 
the suspended sand during water years 2012–19. The reach 
between the Confluence and Clayton sites, which accounts 
for only 13 percent of the watershed area and contributes only 
10 percent of the mean streamflow, accounted for 44 percent 
of the SSL, 33 percent of the suspended fines, and 52 percent 
of the suspended sand delivered to the Salmon River during 
water years 2012–19.

The addition of bedload sampling starting in water year 
2016 allowed for an estimate of the total sediment load (sus-
pended sediment and bedload) and the relative contribution 
of bedload to the transport of sediment in the Yankee Fork. 
During water years 2016–19, bedload accounted for 10 per-
cent of the total sediment load at the Bonanza and Confluence 
sites and 20 percent of the total sediment load at the Clayton 
site. The total bedload discharged to the Salmon River during 
water years 2016–19, as measured at the Clayton site, was 
about 22,700 tons, with 75 percent of the total generated in the 
reach of the Yankee Fork downstream from the Confluence 
site. During water years 2016–19, the Yankee Fork discharged 
about 114,000 tons of total sediment load (both suspended-
sediment load and bedload) to the Salmon River. Of this total, 
47 percent was suspended sand, 33 percent was suspended 
fines, and 20 percent was bedload. Water year 2017 accounted 
for 75 percent of the total sediment load and 81 percent of 
the bedload discharged to the Salmon River during water 
years 2016–19.



The addition of suspended-sediment and bedload sam-
pling at the West Fork site starting in water year 2018 allowed 
for quantification of sediment inputs from the West Fork to 
the main stem of the Yankee Fork between the Bonanza and 
Confluence sites. The West Fork accounted for 56 percent of 
the total sediment load, and all the bedload accrued between 
the Bonanza and Confluence sites during water years 2018–19. 
Of 3,890 tons of total sediment discharged from the West Fork 
during water years 2018–19, about 42 percent was suspended 
fines, 35 percent was suspended sand, and 23 percent was 
bedload. Although the West Fork accounted for 39 percent of 
the mean streamflow, it accounted for only 17 percent of the 
total sediment load discharged to the Salmon River from the 
Yankee Fork during water years 2018–19.
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